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HOST-PARASITE RELATIONd

LqndbouwhoM school en de Qo-kis-
statiorns van, do Staaý~ toeGent., 1M

(Reprint of Re orte from the Ghent Ag-
ricultural College and the Ghent Gov-
ernment Research Station, 1965),
Vol. 30, No. 3, paves 1336-52

The "terest in the physiology of diseased plants
evoked by comparative pathological observation during the
past contury in spite of insufficient knowledge of the
causes of infection was set back several decades as a re-
E-It of the study of the increasing number of pathogenic
agents discovered and described and the efforts made tr
suppress them or to obtain resistant strains through breed-
ing, The attempts made to explain such resistance or to
open up the way 'V indirect determination of such resistance
resulted in conclusions that Varied from one time to another
almost like the winds of fashion with emphasis being placed
on different parameters at one time or another (osmotiq
pressure, pH, etc.) while hardly leading to any deeper un-
derstanding. It was not until the increasing difficultis
met with In breeding to increase plant resistance to dis-
ease becams apparent coupled with the better opportunities
offered by the advantages of working systematically with
the further development of plant protective agents that,
in view also of the deeper insight also gained into the
physiology of plants, "there was a new revival of •congeni-
tal pathology and the study of predispcsition to disease"
(Braun, 1965) bringing to the forefront the physiological
aspects ini the "science of plant pathology" (Horsfall-Di-
mond, 1962); the pathological analyses of the etiological
factors giving rise to infection were undertaken along with
other analyses, too, basing on the new advances made in the
theory and methodology of general plant physiology. The
"problem of resistance" was characterised by investigations
of the causes of inherited resistance and the possibilities
of induced resistance in terms of specific formulations of
questions and fax-reaching interpretations. One is allowed



V
perhaps to ask the question whether such an approach is
a good one, paricularly since almost c-,clusive interest
is shown one specific feature of "resistance", namely,
hypersensitivity, because it is the factor that most evi-
dently counteracts or neutralizes the damage caused by
parasites end- this generally appears to occur in a highly
specific manners Such a narrowing of the goal that has
been set, often occurring in a not fully conscious manneI
or inadvertently readily leads to an insufficient appreci-
ation or to neglect of other types of alternatives or pzse-
ibilities which could also have far-reaching effects in
limiting such developments and can also lead to inadmiesi-
ble generalization of the knowledge gained about a defin-
able phenomenon, thereby exaggeratinr its importance. We
should not make excessive claims on behalf of the specific
concept of resistance that is still only comparative in
terms of description (Fuchs 1948) when considering theore-
tical matters. One can hardly conclude that a specific
form of resistance ii the rule in nature on the basis of
the fact that an exceptionally small number of infectious
diseases appears percentage-wise compared with the total
number of imaginable host-parasite relations between high-
er and lower plants (Kuc, 1963). Let us put aside the
problem of the host's enviromaent and consider the rela-
tionship between specific parasites and the varieties of
hosts suited to their peculiarities; then tie laborious
work of breeding fo;: resi&-ance will show that high re-
sistance and freedom from attack are a really rare phenom-
enon with average susceptibility to attack from a parasite
occurring in general mucl, more frequently than extreme "sus-
ceptibility" to a parp-4tL.

One could -ject ag-inst this that one could encoun-
ter a wide variety of strains and stresses that the organ-
ism would be subjectel to, even by way of cells attacked
at first only indirectly by an infestation or infection and
where they would not bave been destroyed, where stimuli
would occur that would take effect through "vegetative reg-
ulation of the cell ei 1vironment." Apart from the fact that
such a reaction is based on other mechanisms than the so-
called "resistance" phenomenon being given such special em-
phasis, the very raising of such an assumption as to the ex-
istence of such a mechanism automatically brings up the
question of how at all any parasit..c symbiosis is possible.

First of all we must limit the scope of our subject.
In a straightforward, literal sense parasites are organisms
who live at the expense of their host, regardless of wheth-
er they are pathogenic or not (Horsfall, Dimond 1962). The
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host-parasite relationship has qiffere-1t meanings, though,
aepending on whether we consider the relationship between
the parasite and the host individual or whether we consid-
er the relationship between the parasite and the cello or
groups of cells that are directly attacked, forming the
basis of the parasite's attack on the host. From the
first standpoint organism that destroy a part of the host
plaat and nothing more could even be looked on as para-
sites. From the second standpoint, more in keeping with
a physiological point of view, parasites are only those
organisms which develop oer a longer or shorter period
of time in the still active, living host cell, even if the
latter is killed by them after some period of time. Our
treatment of the subject concentrates on this line of ar-
gument. In so doing we wish to exclude in so far as poss-
ible all thoee cases wherein the cells are destroyed upon
penetration by the parasites while on the other hand we
wish to rule out all those effects which during the sub-
sequent course of the disease spread through the organism
(as in diseases accompanied by withering) or which are
differentiated from the attacked or destroyed areas as
demarcation reactions.

We-are- thoiefore gotng t& concentretý on pronounced-
ly biotropic parasites. Such parasites have predominantlw
R narrow range of hosts. They can only "attack" specific
species or families of species that enable them to complete
their development true ýo type. Apart from the fact that
the parasite must be able to tolerate the environment on
the surface of the host tissue (such as caused "y secre-
tions or excret±oa), it must be able to penetrate into the
intact host cell.

Observations of movements aimed at seeking out the
host by motile soospores in a watery environment have in
all cases clearly shown that directional stimuli are given
off by the host, setting in motion the process of infec-
tion; diffusion fields of attracting and also repelling
and perhaps also "exciting" materials whose nature is inad-
equately known at present. Isolated observations, the most
recent being those on Polymyxa betae by Keskin (1964) de-
scribe the trial contact of the zoospores with the host
root and suggest that contact stimuli also prepare the way
for the invasion. Motion pictimes show that a number of
temporally definable individual stages of development pre-
cede the penetration process (Keakin-Puche unpublished).
Observations by PlentJeu (1959) on Pellioularia fileen-
tosa tend to substantiate the signlificance of various
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stiwalus patterns during the infection process while S.
Dickinsons' investigations or rust (1949) point to the
importance of the condition of the surfaces.

"It -rill be necessary to wait for further anaý.ysis
of such stimulus patterns. Zecretions of the host could
play a decisive role ,n such patterns with the formation
of such patterns beW 4g induced by the excretions of ap-
proaching potentiv4. parasites for which convincing evi-
dence is given by Glumann's group for the orchid combina-
tioa of mycelium and suckers. Here, too, one should also
mentiun the "phytoalexines."

A stimulus pattern also regulates the formation of
appressoria or similar organs; the cell wall is then pene-
trated; the actual forces involved will not be dealt with
in any greater detail at this point. It is surprising,
though, to see the extcaordinary speed at which Folymyxa
betae is able to penetrate into a root-hair cell within
a fraction of a minute (leskin-Fuoba, unpublished). In
the end this penetration brings on within the cell an in-
creased streaming of protoplasm, a thickening of the pro-
toplasm, an enlargement and traumatropic displacement of
the nucleus, a reaction picture that has already been ob-
serveA in carefully scratched or injured cells (Olster,
1•"7', Urf#_$Punately still hardly anything at all is
known about the alterations in protoplasm fine structure;
it seems, though, thst the endopilasmatic reticulum in the
vicinity of the would thickens and that there is a clus-
tering or accumulation of mitochondria and ribosomes; the
pores in the envelope if the enlarging nucleus also appear
"o grow larger (Mollenhauer et al. 1960), roun'ing out the
"picture of stimulus-nonditioned activation. The picture
could te further rounded out by additional investiga,-ions
into the changes in ultrastructure during penetration and
after damage or injury occurs.

The similarities between traumatic and infectious
alterations in the cell which in both cases can also be
radiated in some degree to neighboring cells raises the
question of the differences in the subsequent results of
the reaction induced; after mechanical injury the wound
is sealed by secretion of "wound substance," a process
that occurs in many infections in the form of encapsula-
tion. After the penetration of biotropic parasites this
reaction is suppressed or limited (Berlin and Bowen, 1964)
and the demarcation reaction in surrounding tissues is
also striking. No general defense reaction sets in.
!hia exolusion of the natural reaction result appears to
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me to be the most important indication of susceptibility
to biotropic parasites, whether or not the partner is toA.-
erated during the further course of the bymbiosis with
symbiosis h, e being taken as having De Bary's meaning as
a superior concept.

Does the stimulus evoking the response occur upon
penetration of the cell wall that today is no longer
looked upon as being dead, or does it occur later upon
touching the protoplasm boundary layer by destroying the
micristructures or charge patterns? This too has yet to
be explained as does the question about tho primary loca4
energy sources and about the ATP Ladenosine triphosphate1
that is used up by intensive metabolic processes and its
replenishment; such an activation is indicated, toos, by
increased gaseous metabolism a few hours after the infect-
ious process has begun in potato epidermal cells after in-
fection with Phytophthora infestans (Tomiyama, 1963).

The first consequences of injury and of penetration
by parasites are similar. This suggests that the stimulus
generated by the parasites may be subdivided into a trau-
matic and a parasite-generated component. The traumatic
stimulus would be non-specific but could create an activa-
ted physiological condition in the vicinity of the pene-
trating hypha. Would this be the prerequisite to the
growth and flourishing of ebligate blotropio parasites,
setting up the envircnment that hitherto could not be
provided outside of the host plant? The parasite-generat-
ing stimulus components would go into operation within
thi6 environment, neutralizing the normol course of resti-
tut~on or replenishment and making possible the subsequent
ax. ngement. The purely traumatogenic stimulue' which con-
stitutes an injury occurring only once as a single event
should be differentiated from tt- long-term, continuing
injury that occurs with the growth and heightened attack
by the parasites.

Before we go on to further follow up this arrange-
ment we should ask the question as to whether the multi-
plicity of biotropic parasites should be all looked upon
in the same way such as we have more or less done in sum-
marising our presentation. Basically the results ob-
taited with a single specific model should be generalixed
and applied to other casee with increasing cautiousness
az finer distinctions are noted among rore distinctly dif-
ferentiated materials. It also appears to be advisabl-
to differentiate among different types of biotropic pera-
sitical symbioses. The simplest case of all and one that
has hardly been studied at all from the physiological
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TEXT NOT REPRODUCIBLE
standpoint Jz us by the lower Phycomycetes that
live within .cost cell and destroy it practically with-
out producing any symptoms; no attempt will be made at
this point to rention other differentiations.

The much-st-!-ieJ case offered by Phytophthora in-
rfestans (Tomiyaýa, iA3) gives us an example of a periodof time during 1... cases of tolerated host-parasite
combinations tIc <:-'taers continue to ? ve together for
some time before the host cell begins to show the typical
pathological oy.;ptoms of deterioration; the less the tol-
erance between host and parasite the sooner they die off.

In tole:':ated combinations of Peronospora, Uredinea
and also Brysitclothrix there is a long-lasting stage free
of symptoms or characterized only by disturbed cohabita-
tion. It appears that the final death of the host cells
is due more to starvation than to any actual conflict;
many of the ropresentatives of both of the first two fam-
ilies mentioned •r- able to live on for a long time with
the host in a harmonious pathological condition for the
most panrt acco a.-nied by hyperplasia of the host tissue
but there is neivher time nor space to go iuto any further
details at this poirt.

We will lir.t ourselves to the question of whether
the differences :.:c:ioned in the course of cohabitation
between Phytopi• oI ;nfestans aad, for example, Puccinia
SrTinis, and corrcs ,-,onding cells of their host are to be
attributed to basic differences in metabolic relations
(the problem, of dliffe.ent reaction standards in leaves and
stemo that also 4lios to Phytophthora LFuchs, 1961J is
not -conder ed at.t.•is point). This is further pointed to
by- the observation that in the first case differences in
the toleration showm by different combinations of species
"nd varieties can be readily explained on the basis of

* different rates of ;ýoecd of similar processes (MUller,
1934;TOMiyama l956) ard in the second place by the fact

* thitit is hard to raie any objection to it, which we
cAnnOt-go into at this point.

Are t.he differ cences to be found only in t:,e appax-
ently still specific demands made by the various rusts
which are still looked upon today as being obligat-e bio-

"* r tropic parasites (as well as other physiologically compar-
:ble tpes)? Or should we be allowed to conclude in favor
Of bio diferences in the powers of attack? It remains
S n open question whether the newly discovered capability
of ThMophthora infestans tobrea down. nUoleotides (Page,

* 1964), *ould directly substantiate such a difference as



lon.- as n.o C;•1 :7r-, ....• been made of nucleotide metab-
olisra in disea&ed -issue and as long as we remain unsure
whether similar capability is to be found or not in the
rusts, for ex:ample.

If' we resort to physiological-biochemical investiga-
tions of hoot-parasite combinations without following up
arld going tarou;rh all of the blind alleys in the maze of
possibilities involved in metabolic processes then we will
still even today run into what are still almost insuper-
able difficulties.

The alterations that occur in a short time after
penetration of a parasite can hardly be identified or re-
corded because the portion of the disturbed tissue affect-
ed is too small a part of the total mass of the leaf. T'Ve
differences between diseased and healthy tissue noted dur-inf atr tae of their shared existence can hardly be
attributed in anr' clear-cut manner to either one or the
other of the parc.,ers and we must delve much deeper into
this question .. -von the early consequences of "eusymbiot-

*icif (about or.,, -.o three days af-'ter infection) and "dyssym-
biotic" staeos of davelopment of their commonly shared
life broughtn aaout in rusts, for example, due to differen-

* ces in stiocoot-ibilfity (1loemer, Fuchs -aid Isenxbeck, 1938)
and due to displacement of metabolism (Sempio, 1938) cause
a basic ouC-t to occur in the relationship to the uninfect-
ed eubject of compaxison.

g..ost investigations are carried out for obvious
reasons with soanewhnt concentrated inoculations. Oven
observation with thre nalled eye shows that individualIly
isolated rust pimples develop more strongly than densely
packed together rust pimples that compete with one another
in the focus cf infection. The alterations that have yet
to be doscribed are almost unquestionably also conditioned
by the density of the infection (Heitefuss and Fuchs, 1962)
(Lunderst~dt, 1964). No further explanation is needed for
Whe fa-t that the metabolism of the host will be different-
ly affected depending on whether the infection is widely
scattered or densely concentrated. A greater distinction
should therefore be made in the future as to whether the
change in metabolism is really due to a genuinely parasito-
genic alteration of metabolism or whether the change is
d.ue to the total load on leaf metabolism caused by the den-
sity of infection, leading to an earlier or more rapid al-
teration and the resulting consequences.

Pailin;7 to take into accoun; the. difficulties men-
tioncd above one finds general agreement on the whole
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among iany different vesoa;:ons (Shaw, 1963) with re-
spect to the following alteral;ions arising due to infec-
tion while maintaining in so far as possible the same en-
virornmental cla.ditions:

1. The increase in respiration that occurs.

2. nh•e increase in the share of direct oxidation
compared with the Lvi"p (he.O o n,;Žhosphate) route in the
increased conversion of su Cr ocuiled with a simultaneous
oncreaoe in the pyridAne nueleovide level and, above all,
of the iJADPH Labbreviation not explained in textJ level,
too (Rohringer, 1964) and a redox potential that is shift-
ed towards the reductive end (Xiaul and Shaw, 1960).

3. A shift among some of the acids in the tricarbox-
ylic acid cycle (Siebert, 1961; Rudolph, 1963; Von Sydow,
1964).

4. The increased synthesis of protein and aromatic
compounds which mostly discussed straightforwardly as such
and only questionably at. "phenol bodies."

These alzerations have an inwer 'orrelation. They
make it possible to determine the existence of infection
on the second or third day but they do not reach their
maximums until towards the end of the dyssymbiotic stage
at the time of spore eruption exceptinj protein synthesis
which subsides earlier.

This standard reaction "riesembles essentially zhe
features of traumatogenic nodifications" (Fuchs, 1961b) as
has recently beenr demonstrated for the first enzymatic
steps alonZ the t-INY Labbreviation not explained in text]
path (Farkas et al., 1964). This shows on one hand that
the plants -eact along the lines of a somewhat coordinated
progra-m evon under a wide range of different stresses,
the differcent ramifications -ake- by such reactions being
attributable to different hereditary constitutions while
on the oiiher =and raisaing thie question of %whether and how
a parasite can intervene quantitatively and qualitatively
to produce a regulating or controlling effect within this
fr~a•"o.:r. Perhaps In case of infection, too, the basic
moddtfyir. effect should bL subordinated to a trau.=atic
stimulus .o~mponent. It appears to us today, though, that
one cax~not admissibly "equate the reaction to infection
completely with trauw.togenic alterations" (Puths, 1961).

The increased respiration is not the outcome of
.nany decoupling of oxidational phosphorylation (Shaw, 1963)

hadlo..; been incorrectly assumed. The discovery that
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it was -ctualy d1ri e-n)r eriod of greatest respiration
that one notLe the eioenot only of an increased nucle-

e J e "mt &0 "r a, : ATP/Af ratio (ade-nosine
4.--I <- . /a......ne d ... eote) (Heitefuss and Fuchs,

,_ i corfirmed &,:-r ar,. over again.

-. zeread soecif..c ry, particularly of
ATP (HJeites ss, 19u4 _o _. ..uc.i. oC) tends to substanti-
ate. the existence of a rapid co.verz.ion of enr.-rich phos-
phate which also occurs in the b~o:er incorpolation of
p.ozhcn.o in o- r retabolites which cannot be dealt with
in ae-ýail at tI i6 point ( iJitef ess and Fuchs, 1961; Heite-
fusS, 1 ,9.; Q.dck, accor"iA.- to Shaw, 1963). There still
remains open -he possibility of a space-occupying intensi-
fication of t-ihe endoxidation associated with the tricarbox-
ylic acid c-:cle in spite of tho increasing 9;roportion of
the iDIP-route. One canno- :ule out participation by photo-
synthesis in A2?-for'aation in the area around the field of
infection (hro:er, 1964). In any case this woiould -rovide
the necessary energy requirements for further syntheses.

The i: ?2zed direct oxidation (HM) may provide the
necessary nu.r.onts and this may obtain additional eupport
from the irncroasec activity of the enzymes mediating the
first stem. :uAniderstddt et al, 1962; Kiraly and Farkas,
19b2). U cuiAc : rise in Iexokinase activity (Lunderst".dt
et al. io 2•,TLunders•tadt-, t964) tnat has been confirmed
(Luntnerý..-Zt, in press 1965) could act as a starter.

t.ransitory preli.nary rise in glucose-6-pnosphate
dehydzo ;'naso activity co-ld be associated with thc in-
creased ascorbic acid level, the significance of ulhich we
cannot deal with here any more than with the possible re-
lationships with inu-olyl acetic acid metabolism (Shaw,
1963).

The unusual later increase in the activity of the
HYP-pati enzymes corresponds to the enrichment of these
enzymes in the rust ratner than t1o any metabolic exchange
or interr-lationship betwean the partners (host and para-
site).

The new synthesis of entImes corresponds hroulhout
to the increased Drotein content of infected tissues Shaw
and Colotelo, WI1) as does the appearance of new iso-en-
z-yi.es (m~alic del. "-rogenase! ) (Staples and Stab_", 19064)
and one can be sure that similar findings can be expected

in cornection with other enzymes. It shouald be emp1hasizes
that this kind of 6ynthesizinC activity is directly attrib-
utable t-o n increase in the RNA (ribotuclsic acid) content

-9-
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(Rohrin-er and He te fus •; 'nd specifik activity (Hei-
tefuss, 1964) in the nuclei *J2-ney et al., 1962). Quan-
titative differences in • r~onucleic acids are suggested
(Wolf, unpublished).

The increased formation of "phenol bodies" end the
accumulation of their .... -products has already long
been held to -e a valid i22ifux: of hypersensitive intol-
erability 'Parkas and .i.. ., 9o2). It should be looXed
upon, though, as a somewhat unspecific symptom or accompcny-
ing phenomenon associated wit"h necrobiosis after various
heavy stresses (Roemer, Fuchs, Isenbeck, 1938). It also
appears in non-necrobiotic tissue after injury as well as
prematurely in comgatible infection, for example, as the
synthesis of aromatic amino acids (Rudolph, 1963; Von Syd-
ow, 1964, etc.), as aromatic acids, coumarin, etc. it is
inadmissible, though, to use the overall designation,
"phenol bodies" on the basis of group reactions (Sondheim-
er, 1963), a habit that is all too easily acquired; the
physiological significance of very closely related com-
pounds can undergo funuamental changes (Sondheimer, 1963)
even though having the same basic structures because the
kind and distribution of the varilous sub3tituents can also
vary over a wide range and the given proportions of such
compounds existing at any one time can also bring about a
aecisive shift in the effects o. enzymes, for example.
Considering the muji plicity of the possibilities for in-
tervention possessed by these naterials and their prelim-
inary stages as netabo-ites and anti-metabolites in various
types of enzyme systems occupying key positions in metabo-
lism and the fact that clusters of similarly constructed
but physiologically different subctances come into being
in pathological reactions, some reservations and restraint
would appear to be in order in the discussion in spite of
the large amount of data that has been accumulated and the
many attempts to explain its significance; this is all the
more true since the question of the syntheis routes in
higher plants has not yet been completely cleared up.
Both the traumatic and the strictly parasitic components
cf the infectogenic stimulus give rise to a multiplicity
of syntheses and allow apparently dormant paths to be
traveys1. This is also brought out by a clear example
that generally has nothing to do with so-called "phenol
bodies;" one of the keto-acids found in the Brassicacea
that wezL investigated for the first time only after they
had been infected by certain biotropic parasites giving
rise to hyperplasia (Nielsen, 1960) was also to be found
in demonstrable quantities in healthy Brassica kaber
(Nielsen, 1963).

- 10 -
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We also look u-on the formation of phytoalexin-
* (Cruichskl.nk, 196I ) as anotaer expression of such Acts Va-

tion of dormant -ot+--ial-*or synthe;-,i; s formation is

actuated not on:ly by various attacking or&--isms but also
Sas a result of modified traimat'i• attacks and ie not di-

rectly tied in with necrobio-tic processee it would seer.
Its basic structure seems to be chzracteristic for specifi --
families or species; it should therefore be taken into ac-
count within the framewor-: cf cheznotaxonomic considera-
tions. It- i6s clearly sini:icai in -the determinatioa of
Ithe range of hosts, judgir.. by the Iova' sensitivity of pea
parasites tu pisatin, of 'bean parasites to phaseolin, etc.
(C•ruickshank, 1963). It v;ould appear to us questionable
whether they have a decisive effect in determining finer
differences in tolerability.

Brea•ing cff at this point in our fragmentary sketch
of certain physiological relationships, the question of
tolerability should he briefly mentioned, hypersemsitivity,
the spercificity c- which wi:. respect to various species
Is reg-alated through mutual adaptation of host and parasite
(theory of the corresponding gene, gen-for-•ge hypothesis,

Plor, 1959; Rohringer et al., 1962). In the sense of an
all-or-nothilg decision the question comes up as to why the
metabolic processes are finally guided into various clhaim-
ehb only after some considerable time has elapsed since the
onset of infection which in one case may permit a tolerated
development of the parasite vwhile in another case it may
lead to degeneration of the affected cells whereupon the
pai'asite ceases its growth and dies. A number of investi-
gations agrees on the fact 'hat temperature changes can
determine the subsequent course of the reaction during the
first tlhree days or so 'Radulescu, 1933)1 this indicates
that the first physiological arrangements to take place
immediately after the onset of infection are unstable and
readily influenced. Later on tL.ý normal course of the re-
action ha3 already been predetermined and in case of in-
tolerability it proceeds in a similar way or in the same
way regard? ess of whether the final result has been deter-
mined by specific combinations of species or varieties or
by temperature effects (Heitefuss, 1964). Neither does
the nature of the infection play hardly any part in the
outcome. The reaction is determined by a still unex-
plained first or primary process; most of the reversal
processes hitherto described fail to show such an outcome.
As a precaution the question should be left open as to
the extent to which the "phenol bodies" that have accumu-
lated to a certain degree should be identified with the
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C ac rcourse of infection; charactz2r-
2t1ic of thUse bodies is their subsequent oxidation and

co•.in~atzoU )',1icomanied by increas.ed "phenoloxidase" ac-
tivity, o special pIroblcm; (Farkas-Kiraly, 1962, etc.) that
we must also oass cver at this point like also the quest-
ion of the bioc.iemical chianes that take place during the
final stage of association b, ::v•een host and parasite; in.
our opinion they contribute very litltle to any understand-
ing of the priimPary and hence the decisive reciprocal ac-
tion. They are exclusively associ'ted with the meeting
of two genotypes each of which is capable of forming tol-
erable combinations with other genotypes.

I DEiferences in the content of materials on hand be-
fore infection or producea subsequent to infection in the
host and parasite offer no basis for explanation of such
differences; here, then, we would have for the most part
only slightly plausible workcing hypotheses that only have
the effect of pushing the true problem into the back-
ground. This also applies to attempts to find an inter-
pretation on the basis of increased enzyme proteins or
phytoalexines, even though the accumulation of such pro-
ducts locally (for enzymes generally in sweet potatoes,
Stahmann and '.eber, 1964; for phytoalexines, Oruickshank,
1963) can 2ive rise to broadly effective protective barri-
ers against secondary infections.

In closin-, three questions remain to be discussed:

t. .. terpretation of the changes that have been
described to occur in the parasite and the host and in
their tissues.

2. The question of the meaning of a receptive con-
dition.

3. The c-uestion of the information triggering the
different reac'ion paths.

ro-h the host and the parasite participate in the
transformations mentioned. It is not easy to estimate
the extent to which each participates; one can be sure
that during the course of their association there is a
shift to the benefit of the parasite which during a later
stage accumulates a large part of the photosynthetically
assimilated C14 as shown by automatic microradiography
tests (Von Syciow, 190z) as well as other activities re-
quiring nourismnent (Shaw, 196b, etc.). The difference
between the tissues in the infected area and intermediate
uninfected tissues did not turn out to be as great in the
automatic radiographs as previous investigations would

- 12 -
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have lea one to bulieve, Derhaps due to the relatively
time at whi-ch Gic readings were taken. One noted around
the points cf inf'ecton ana less clearly around injured
areas that a change takes place in the tissues which
stands out particularly clearly as "green islands" upon
yellowing of the leaf; it then gives the impression that
they draw their sustenance from the surrounding cells
(Roemer, Fuchs and Isenbeck quoted by other sources). In
these apparently alt'ýreo areas free of fungus hypha the
photosynthesis activity persists longer and starch (Wang,
1961) an., ATP (Thrower, 1964) accumulate in specific zon-,
ing areas; the shift in the ATP/ADP ratio may perhaps be
correlates with this fact. Thymidine (Staples and Ledbet-
ter, 1960) and cytidine (Vielsen and oiohringer, 1963) aro
favored or predo:minate in tie host cells or their nuclei
in these areas; there is az increase in the RNA level (De,,,
la isla. unpoublished). .ýver since the first proofs were
given of the acc=uulation of p32 at points of infection
"(Gottlieb and 'Carner, 1946) numerous investigations of the

-most i - ki:-ds Aave shown these areas to be a "dominance
"iieldC , .::- Hawkins, 1958) acting as a point of at-
trrction f'or the saccharose in assimilable form in the
leaves (Von Sydow, 1964) as well as a great varicty of
other' materials from other parts of the plant (Shaw, 1963).
There 13 a reversal of the flow of materials in competi-
tion the vegetation cone and meristems (Daly, 1963,
etc.), a avain that is brought about by the activity of
nearby organs and the uptake and intra-plant distribution
of P32 and other materials, too (Shaw, 1963). The paral-
lel with kinetin-induced centers of attraction is frequent-
ly mentioned. This analogy does not however seem to us to
fully explain the green-island-phenomenon.

The discovery that kinetin and benzimidazole (Sam-
borski et al., 1958, etc.) are able to re-establish the
capacity for synthesis in the aging leaf in intolerable
host-parasite combinations that retain the reaction norm
(or re-establish it when broken by various effects) is im-
portant substantia:ion of the concept of the physiological
similarity of infected and aging tissue (Shaw, 1963; Far-
kas et al, 1964); certain similarities in the course of
earlier discussed metabolic processes also tend to substan-
tiate this idea. We take En opposite position with respect
to this idea for the pre~ent with some reservations. Most
of the ideas developed about the physiology of aging in
connection with the study of ripening fruit should not be
carried over and applied unquestionably to other organs.
Important processes of synthesis go on mitbin the favored
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,oi, co;::i~, 2, uz, ous *lc question of wheth-
,cnJ rzQid no. . . nut be more a consequence of the

I':'. zity oi i.,.ictW' L:.:i tuh.n oi' any conflict between host
, p,:i:a'.ite. ±. u r;or• iniLected leaves can be distin-
I U 1gayr. ones also by the fact that

M i1 ',`174ti1 -. Cirk acUively .. owng tissue it araws
m..... 2 .. o itself instecad of giving them up; analogies
da:ax:n to t"i' i Ln agjs m;irs have been made and which could
eaoily lc< G:, asay Should first be made the subject of
di:L'f'eren'•,atd formulations o1" tne question concerned for
f'ur -L era:i a' y s i si.

The -ob_,,: of -e -os•t's sphere tnat still requiresmuci ;•ore ana.L1,'2- Of t"ho ->.,ccific form of expression oc-
c Utxin g orn :1,".:' o:, vy oo.iýgato biotiropic parasites such
as riusts U. i,. C •. takeln up in any greater detail here;
we ca•su.Mo •.. . penetration of the parasites into the
host cel,. 1,.. on1e col-,itions also orougnit about by a
chemical s.;ir.&1uus emanatin,; fr'm the host cell) creates a

t h a Los, and makes it receptive to
a pathoenic s-timulus that distu_-bs the normal course of
healing of t1ie wound; it enables the host to convert a spe-
cific information received from tae parasite into a specif-
ic comxicna cori••,rolling m.etabolism; receptiveness to such
a stimulus would be tne izst requirement for further com-
mon assoc I and parasite. Specific influ-
ences that briig aoot successful infection and favor a
tolerated associ:_ticn between nost and parasite (in a simi-
ar way to the influences that irritate injuries such as
precisely applied, non-damiaging temperature treatments,
etc.) could give added weiL;ht to the importance of a non-
specific activwtion as a prerequisite to cooperation or
interaction between hoist and parasite. The recently deter-
mined break<ing do%,m of host specificity gives rise to fur-
ther t ... in this direction. Careful injury, previous
infection -ith Uromyces (see also other older observations
on the enccu-c.emen".-t given to yellow rust when Tilletia
attack is uo:Ln. on (Dillon-Western, 1927) and brief warm-
ing of a k.a2 enabled Phaseolus to become infected by the
untypical .y e mildew (Yarwood, 1963). An otherwise
impossible :Lnfection of wheat by barley mildew is said to
have occu' ., togethe~r with wheat mildew in a mixture
(mosemann luný_ Grely, 1964). A material that is formed
after hea; t-reatment is said to be able to transfer untyp-
ical re.-t-y to other Ylants (Jarvis, 1964). Even
with al-l . e•-xrations that could b& brought up against
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this confirnation of similar attempts by Salmon (1906)
which had hitherto failed to appear during all these
years, the question still seems to be oper. It is con-
ceivable that for still unknown reasons it may be possible
to bring about a condition in the host through previous
infection or other conditioning by a congenial parasite
whereby an uncongonial parasite could take hold, perhaps
in keeping with the hypothesis developed by Rubin and
Oserezkovskaya (1959) to the effect that tolerated growth
requires that the host should be able to adapt its meta-
bolic condition, making it similar to that of the parasite*
Even a non-specific stimulus in the direction of synthesis
activity could contribute towards such an end.

It is still not possible today to give any conclus-
ive demonstration by way of experimentation that such a
hypothesis is true but it may, perhaps, be demonstrated
in the near future. According to first investigations of
the ultrastructure around the edges of rust bmistoria (Ehr-
lich and ihrlich, 1962) the latest pictures of Albugo can-
dida (Berlin and Bowen, 1964) not only show gland-like
structures forming a "secretory system" in parasites but
also abundant tubular and vesicular structures in the cyto-
plasm of the nost in the vicinity of the haustoria ends
together with an enrichment of ribosomes characteristically
associated with metabolic activity; this suggests to the
author the idea that the possibility of life for biotropic
parasites "depends on the zecretory mechanism of the host
which is specifically triggered by the parasites"; being
picked up by those cells that are excited by the traumatic
stimulus components such an induction could perhaps be
passed on to the neighboring tissue in the green-island-
area in a form mrodlfied by the metabolic situation, trig-
gering the chain reactions described; just as a second in-
fection of potato storage tissues gives rise to non-specif-
ic defense by synthesis of enzymes (Stahmann and Weber;
Stahmann, 19b4) or the formation of phytoalexines (Cruick-
shank, 1963), which, though non-proteins, should be looked
upon as interferon (Atanasoff, 1964). It would be worth-
while to investigate whether any such protein may play a
significant p.rt in the "Atberto but little investigated
cases of "recovery" or latency of fungus infection, also
perhaps in cases of gall formation induced by fungus. The
assumption of induced enzyme formation appears to us to be
more appropriate for plant subjects than the idea of anti-
body formation in the sense of immunity reactions of sera
(Sta rmn, 1901).5



•'-.-" v•._ coe uip wi[th tihU ouestion of the decisive,
cor•.tro~ll : in .- ation"; this shiould be seen from twio diff-
erent t-anupoints, namely, on one hand as a controlling in-
"fluence that enab'es the infection to take hold and on the
other hand as a complementary instruction bringing about
tolerability cr iarrony between host and parasite. Both of
them require that zhe host cell should be susceptible to
the inforiation; if this is not the case then the general
defense mechanism remain_ intact as the sole response to
the attack, wiiatever form that mechanism may be thought to
take. Specific syntheses are triggered in the receptive,
activated cell. If one admits that it is possible for the
system of regulation to be effective along the lines pre-
sented by Jacob and Monod even in the interrelationships
bctween the cells of host and parasite in close contact
with each other (Flangas and Dickson, 1961) then one could
develop hypotheses that present a plausible picture of the
cohabitation of host and parasite and of the differences
in tolerability (Heitefuss, 1964). The ultrastructures
admit of the formulation or conception of such-regulatory
units even if it appears perhaps premature, identifying
"regulator genes" with resistance genes (Laubscher, 1963).

One can do nothing more than philosophize about the
basis of the exchange of information. If it is possible
that an exchange of primary information carriers takes
place then is the information transmitted by RNA messen-
gers from cell to cell, are there, then, only specifically
acting reaction products which intervene efficiently in
the metabolic interactions between host and parasite or
do lesser chcanges take place in reaction rates or in the
gradient of material to bring about a decisive reversal
or tran.sformation of metabolism? The specificity o' the
receptivity and tolerability relations suggests the idea
that the primary decision as to the course of the reaction
in the partnership of host and parasite does not require
any long, round about path. The undeniable similarity of
the changes in metabolism that have been described to date
under the wides', variety of stress conditions all points
in the same direction.

The many and various complications involved in meta-
bolism depending on both heredity and environment, the qual-
itative and quantitative possibilities of variation of
which cannot but be vaguely imagined considering the ne-
cessarily largely isolated individual investigations of a
subtle nature offer a broad field for research-together
with the central information problem. Successful treat-
ment of these problems often requires even deeper
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knowledge of the physiolo.lgical interchanges that go on
within healthy plants than we possess today in spite of
all the progress that has been made in understanding the
basic modes of reaction. We would point out with some
measure of melancholy hindsight the earlier, simpler at-
tempts at finding suitable interpretations; now the prob-
lem has been pushed back into the molecular area; plant
physiologists rind pathologists hope that further research
will do more than provide a deeper understanding of path-
ological processes; perhaps it will also point the way to
better treatment, a problem that we have made no attempt
to discuss in this paper.
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